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Towards two-body strong decay behavior of higher ρ and ρ3 mesons
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In this work, we systematically study the two-body strong decay of the ρ/ρ3 states, which are observed and
grouped into the ρ/ρ3 meson family. By performing the phenomenological analysis, the underlying properties
of these states are obtained and tested. What is more important is that abundant information of their two-body
strong decays is predicted, which will be helpful to further and experimentally study these states.
PACS numbers: 14.40.Be, 12.38.Lg, 13.25.Jx
I. INTRODUCTION
There is abundant information on ρ/ρ3 states collected in
Particle Data Group (PDG) [1], which provides that their spin-
parity JP could be 1−/3− and all of them are isovector. In
Table I, we briefly review the resonance parameters of the
observed ρ/ρ3 states. As the total angular momentum J in-
creases, the number of these states decreases.
The experimental status of these states stimulates our in-
terest in revealing their underlying structures, since at present
the properties of ρ/ρ3 are still in chaos. First of all, we need to
examine whether these ρ/ρ3 can be categorized into the con-
ventional meson family. Besides the study of mass spectrum,
their Okubo-Zweig-Iizuka (OZI) allowed two-body strong de-
cay behaviors can reflect important information on their struc-
tures. Thus, in this work we pay more efforts to systemati-
cally calculate the OZI-allowed strong decays of ρ/ρ3, where
the quark pair creation (QPC) model will be applied to calcu-
lation. Before carrying out calculation, we need to determine
the corresponding radial, orbital and spin quantum numbers to
these ρ/ρ3, where we can refer to the analysis of mass spec-
trum, which will be summarized in the following section. By
comparing our results with the experimental data, the meson
assignment to these observed ρ/ρ3 should be examined. Ad-
ditionally, our obtained OZI-allowed two-body strong decay
behaviors will provide valuable information of further experi-
mental study on ρ/ρ3.
As mentioned above, this phenomenological study on ρ/ρ3
can be applied to distinguish their possible meson assign-
ments. In addition, owing to this work, we can learn how a
state has not a suitable interpretation as a conventional me-
son state. Thus, our study may provide important judgment
whether these studies are relevant to exotic hadron configura-
tion or new novel mechanism.
This paper is organized as follows. After introduction, we
briefly review the present research status of these ρ/ρ3. In
Sec. III, we discuss the possible meson assignment to these
states using the mass spectrum analysis and introduce the QPC
model. The allowed decay channels are also selected. In
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Sect. IV, we perform the phenomenological analysis of ρ/ρ3.
The last section is devoted to a short summary.
TABLE I: The experimental information of the observed ρ/ρ3 states.
Here, the masses and widths (in units of MeV) are average values
taken from PDG [1]. The states omitted from the summary table of
PDG are marked by a superscript ♭ while these state as further state
in PDG are distinguished by a superscript ♮.
JP = 1−
State Mass Width
ρ(770) 775.49 ± 0.34 146.2 ± 0.7
ρ(1450) 1465 ± 25 400 ± 60
ρ(1570) ♭ 1570 ± 36 ± 62 144 ± 75 ± 43
ρ(1700) 1720 ± 20 250 ± 100
ρ(1900) ♭ [2] 1909 ± 17 ± 25 48 ± 17 ± 2
ρ(2150) ♭ 2149 ± 17 359 ± 40
ρ(2000) ♮ [3–6] 2000 ± 30 260 ± 45
ρ(2270) ♮ [3–6] 2265 ± 40 325 ± 80
JP = 3−
State Mass Width
ρ3(1690) 1688.8 ± 2.1 161 ± 10
ρ3(1990) ♭ [3] 1982 ± 14 188 ± 24
ρ3(2250) ♭ [7] ∼ 2232 ∼ 220
II. REVIEW OF RESEARCH STATUS
As shown in Table I, there are many ρ/ρ3 states observed by
experiments. Among these states, ρ(770) [8] is established to
be the ground state with n2S+1LJ = 13S 1 with very broad full
width. Thus, we will not include ρ(770) when briefly review-
ing the research status of the ρ/ρ3 states. In the following, we
introduce the experimental and theoretical status of ρ/ρ3.
ρ(1600) was omitted in the 1988 edition of PDG [9] and
replaced by ρ(1450) and ρ(1700), which is due to many theo-
2retical and experimental studies [10–27].
In the past decades, many efforts have been made to explain
the structure of ρ(1450). However, its property is still unclear
at present. Although the study of the mass spectrum supports
ρ(1450) as a 23S 1 state [28], the decay behavior is hard to be
understood. The calculation in Ref. [29] shows that the ππ
and ωπ channels are dominant in the ρ(1450) decays. Using
the nonlocal Nambu-Jona-Lasinio model, the calculated par-
tial widths of ρ(1450) → ππ and ρ(1450) → πω are also com-
parable with the experimental values [30, 31]. On the other
hand, the theoretical decay widths of ρ(1450) → a1(1260)π
and h1(1170)π become small [29]. However, the experi-
mental result indicates that ρ(1450) mainly decays into 4π
[1, 17, 23, 32]. To alleviate the discrepancy between the ex-
perimental and theoretical results of the 4π channel, ρ(1450)
as a mixture of 23S 1 ρ state and hybrid was introduced in Ref.
[29] since Close et al. indicated that the vector hybrid with
mass about 1.5 GeV can strongly couple with a1(1260)π [33].
Other theoretical studies [33, 34, 36, 37] also support this mix-
ture.
Besides these two explanations for ρ(1450) as mentioned
above, explanation of ρ(1450) as a 13D1 state was proposed in
Refs. [38, 39] using the chiral symmetry method. If consider-
ing the mass spectrum analysis on the ρ meson family, we no-
tice that the mass of the 13D1 ρ meson should be 1600− 1700
MeV [40]. This mass discrepancy cannot be ignored when
explaining ρ(1450) as a 13D1 ρ meson.
ρ(1700) is a good candidate of the 13D1 ρ meson. Both
the analysis of the branching ratio of ρ(1700) → 2π, 4π [32]
and the study of e+e− → ωπ0 via the nonrelativistic 3P0 quark
model [41] show that ρ(1700) is a 13D1 state.
There are many experiments relevant to ρ(1900). The DM2
Collaboration once reported a dip around 1.9 GeV by analyz-
ing the e+e− → 6π process [21]. Later, the FENICE Collab-
oration observed a dip around 1.9 GeV in the R value mea-
surement, which can be produced by the interference of a res-
onance with one of these broad vector mesons [42]. In 2001,
the E687 Collaboration at Fermilab found a narrow dip struc-
ture at 1.9 GeV through the 3π+3π− diffractive photoproduc-
tion [43] . If this dip is due to a destructive interference of
a resonance with a continuum background, the resonance pa-
rameters can be extracted as m = (1.911 ± 0.004 ± 0.001)
GeV and Γ = (29 ± 11 ± 4) MeV. By refitting their data, the
E687 Collaboration indicated that the interference effect of a
narrow resonance with known vector mesons (such as a broad
ρ(1700)) can result in a dip [44]. In both of e+e− → 3π+3π−
and e+e− → 2π+2π−2π0 processes, the BaBar Collaboration
announced the observation of a structure around 1.9 GeV [45],
which was confirmed by BaBar in the e+e− → φπ0 process
[2]. The CMD3 Collaboration observed a peak near the pp¯
threshold, which can be identified as ρ(1900) [46]. In Ref.
[40], Bugg indicated that this CMD3’s observation can be ex-
plained to be a 3S 1 state captured by the very strong pp S-
wave or to be a non-resonant cusp effect.
Analyzing the data of the 6π mass spectrum from the e+e−
annihilation [47] and the diffractive photoproduction [48],
Clegg and Donnachie indicated the existence of ρ(2150) [49].
Later, Biagini et al. [50] suggested that there exists the third
radial excitation of ρ(770) by phenomenologically fitting the
pion form factor [51], and gave the corresponding resonant
parameters m ≃ 2150 MeV and Γ ≃ 320 MeV, which is con-
sistent with the result in Ref. [49]. In addition, the GAMS
Collaboration also confirmed the observation of ρ(2150) in
π−p → ωπ0n [52, 53]. In Refs. [3, 4, 6, 54], the Crystal Bar-
rel data was analyzed, where a 1−− resonance with the mass
2.15 GeV can be as the evidence of ρ(2150). In 2007, BaBar
observed ρ(2150) in the new process e+e− → η′(958)π+π−
and f1(1285)π+π− [55].
Godfrey and Isgur has predicted a 23D1 state with mass
2.15 GeV [28], which can correspond to ρ(2150). However,
there exists another explanation to ρ(2150), i.e., Anisovich et
al. suggested ρ(2150) to be a 43S 1 state [56], which was con-
firmed in Ref. [40, 57, 58].
In Table. I, there are two more states of 1−− listed in PDG
[1], which are ρ(2000) and ρ(2270). In the pp¯ → ππ reaction,
a resonance around 1988 MeV was found [7]. Later, Aniso-
vich et al. obtained a JPC = 1−− state at 2000 MeV in the
same reaction [4], which also appears in the pp¯ → ωηπ0 and
ωπ processes [3, 5, 6]. ρ(2000) was suggested as the radial
excitation of ρ(1700) [3]. In Ref. [59], Bugg concluded that
ρ(2000) can be a mixed state with a significant 3D1 compo-
nent.
In the reaction γp → ωπ+π−π0, a resonance at 2280 ± 50
MeV was reported by the Omega Photon Collaboration [48].
The analysis of the Crystal Barrel data indicates that ρ(2270)
is important to fit the ωηπ data, and can be ignored to describe
the ωπ data [3]. The Regge trajectory analysis shows that
ρ(2270) can be a 33D1 state, i.e., the second radial excitation
of ρ(1700).
In PDG [1], there are three ρ3 states. ρ3(1690) was first
observed in Refs. [60, 61], which was once regarded as a
π+π− resonance. At present, ρ3(1690) is established to be a
3D3 state, which can decay into 2π, K ¯K, K ¯Kπ, 4π, ωπ, and
ηπ+π− as shown in PDG [1]. Additionally, two more new de-
cay modes a2(1320)π and ρη were reported in Ref. [62]. Be-
sides the 3D3 explanation for ρ3(1690), it could be interpreted
as a three-rho meson molecular state in Ref. [63].
As a 3−− state, ρ3(1990) with m ∼ 2007 MeV and Γ ∼
287 MeV was observed in the ππ invariant mass spectrum of
pp¯ → ππ [7], which was confirmed by analyzing the Crystal
Barrel data [4, 5, 54], where a 3−− resonance exists in the
pp¯ → π+π−, ωπ processes. The ωηπ0 decay of ρ3(1990) was
reported in Ref. [6]. In Ref. [3], a combined fit to the ωπ,
ωηπ0 and π−π+ data was performed, which gives the weighed
mean of mass and width of ρ3(1990) as listed in Table I.
There are many experimental papers relevant to ρ3(2250)
as shown in PDG [1]. ρ3(2250) was first observed by BNL
through studying the S-channel p¯N cross section [64]. Later,
ρ3(2250) was also found in the reactions pp¯ → p¯p [65], pp¯ →
¯NN [66], pp¯ → K+K− [67], and pp¯ → ππ [7, 68–70]. In
2000, the VES Collaboration reported a 3−− resonance at 2290
MeV in the reaction π−p → ηπ+π−n [62]. The analysis of
the Crystal Barrel data for the pp¯ → π−π+ [4], pp¯ → ωηπ0
[6] and pp¯ → ωπ [5] reactions also requires the existence of
ρ3(2250).
A plot of the Regge trajectory for the mass spectrum of the
33−− states was presented in Refs. [3–5], where ρ3(1990) and
ρ3(2250) are treated as the 23D3 and 33D3 states, respectively.
III. TWO-BODY STRONG DECAYS
Before carrying out the study of the two-body strong decay
of these ρ/ρ3 states shown in Table I, we need to illustrate the
analysis of their Regge trajectory.
The analysis of the Regge trajectory is an effective approach
to quantitatively study meson mass spectrum. In general, there
exists an expression [56, 71]
M2 = M20 + (n − 1)µ2, (1)
where M0 is the mass of ground state and µ2 denotes the tra-
jectory slope and n is the radial quantum number of the cor-
responding meson with mass M. The relation expressed by
Eq. (1) is roughly satisfied by ρ/ρ3 states as shown in Fig. 1,
which indicates:
1. ρ(1450), ρ(1900) and ρ(2150) are the radial excitations
of ρ(770).
2. ρ(1700), ρ(2000) and ρ(2270) can be grouped into
the n3D1 ρ meson family. Among these three states,
ρ(1700) is the ground state while ρ(2000) and ρ(2270)
are the first and the second radial excitations of ρ(1700).
3. ρ3(1690), ρ3(1990) and ρ3(2250) can be as good candi-
dates of the 13D3, 23D3 and 33D3 states, respectively.
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FIG. 1: (color online). The analysis of the Regge trajestories for the
ρ/ρ3 states. The trajectory slopes are 1.365 GeV2, 1.203 GeV2 and
1.094 GeV2 for the 3S 1, 3D1 and 3D3 states, respectively. ⊙ denotes
the theoretical values, while the red, blue and green dots correspond
to the experimental data listed in Table I.
Fig. 1 only gives a rough estimate of categorizing ρ/ρ3
states into the meson families. A further study of their two-
body strong decay behaviors can test whether the assignment
shown in Fig. 1 is reasonable. Here, the QPC model is
adopted to calculate the partial decay widths of these decays.
The QPC model was first proposed by Micu [72] and fur-
ther developed by the Orsay group [73–77]. It is has been
widely adopted to study the OZI-allowed strong decay of
hadrons [78–100]. For depicting a quark-antiquark pair cre-
ated from the vacuum, a transition operator T is introduced
by
T = −3γ
∑
m
〈1m; 1 − m|00〉
∫
d3p3d3p4δ3(p3 + p4)
×Y1m(p3 − p42 )χ
34
1,−mφ
34
0 ω
34
0 b
†
3i(p3)d†4 j(p4). (2)
Here, p3/p4 denotes the three momentum of quark/antiquark
created from the vacuum. Thus, the transition matrix element
of the A → B +C process can be expressed as
〈BC|T |A〉 = δ3(PB + PC)MMJA MJB MJC , (3)
where PB/PC is the three momentum of the final state hadron
B/C in the center of mass frame of the initial state A. In
Eq. (3), Yℓm(p) ≡ |p|ℓYℓm(θp, φp) denotes the ℓ-th solid har-
monic polynomial, χ341,−m is a spin triplet state, i and j are the
S U(3) color indices of the created quark pairs from the vac-
uum. φ340 = (uu¯ + d ¯d + ss¯)/
√
3 describes flavor singlet and
ω340 = δα3α4/
√
3 (α = 1, 2, 3) corresponds to color singlet.
By the Jacob-Wick formula [101], the decay amplitude is
expressed as
MJL(A → BC) =
√
2L + 1
2JA + 1
∑
MJB ,MJC
〈L0; JMJA |JAMJA〉
×〈JBMJB ; JC MJC |JMJA〉MMJA MJB MJC .
Furthermore, the decay width reads as
ΓA→BC = π2
|PB|
m2A
∑
J,L
|MJL|2, (4)
where mA is the mass of the initial state A. In the concrete
calculation, the harmonic oscillator wave function
Ψn,ℓ,m(R, q) = Rn,ℓ(R, q)Yℓm(q) (5)
is applied to describe the meson wave function. In the QPC
model, two parameters R and γ are introduced. Here, R can
be determined by reproducing the realistic root mean square
radius which is obtained by solving the Schro¨dinger equation
with the potential in Ref. [89]. Although the R values can
be obtained by the above approach in principle, these values
are to be used for reference only. Thus, we illustrate the cal-
culated partial decay widths of these ρ and ρ3 states in terms
of parameter R within a typical range of values. γ is a di-
mensionless constant for describing the strength of the quark
pair creation. By systematically fitting the experimental data,
γ = 8.7 is obtained for uu¯/d ¯d pair creation (see Table II in
Ref. [100] for more details in extracting the γ value), while
the strength of the ss¯ pair creation satisfies γ = 8.7/
√
3 [76].
4In Table II, the allowed two-body strong decay channels of
ρ/ρ3 are listed. Using the QPC model, we obtain the corre-
sponding partial decay widths. In the next section, we will
compare our theoretical results with the experimental data to
perform a phenomenological analysis, which will be helpful
to further reveal the underlying properties of these ρ/ρ3 states.
IV. PHENOMENOLOGICAL ANALYSIS
A. n 3S 1 states
Assuming ρ(1450) as a 23S 1 isovector meson, its two-
body strong decay behavior is calculated and shown in Fig. 2.
Our calculation shows that ππ, πa1(1260), πω and πh1(1170)
are its dominant decay modes, where πa1(1260), πω and
πh1(1170) can contribute to the 4π final state. In addition,
the obtained width of ρ(1450) → ηρ is also in good agree-
ment with the data in Refs. [1, 23]. The partial decay widths
of ρ(1450) into K ¯K, K ¯K∗+H.c. and ππ(1300) are small in our
calculation. As for ρ(1450) → πa2(1320), the decay width
is tiny. Thus, the experimental data listed in PDG [1] can
be quantitatively compared with our results. Given the infor-
mation of partial decay widths, we obtain the total width of
ρ(1450) by summing over all partial decay widths. In Fig. 2,
we show the comparison of our results with the CMD-2 data
[102], which indicates that there exists a common range be-
tween our theoretical total width and the experimental data.
Additionally, the obtained total width is also consistent with
the experimental width given in Ref. [15], and overlaps with
the measured full width listed in Refs. [23, 103], which is
about 310 MeV.
Besides providing the information of the partial decay
widths of ρ(1450), in Table III several ratios Γππ/Γπa1(1260),
Γπh1(1170)/Γπa1(1260) and Γπa1(1260)/ΓTotal are also given, which
are weakly dependent on the parameter R. Experimental mea-
surement of these ratios will be a good test of the 23S 1 assign-
ment to ρ(1450).
Because of the above analysis, we conclude that it is easy
to explain ρ(1450) as a 23S 1 state, which is also supported
by a recent work in Ref. [104] that claims there is no clear
evidence for a hybrid state with JPC = 1−−.
According to the Regge trajectory analysis, ρ(1900) is a
good candidate for a 33S 1 state. At present, its resonance
parameters are not yet determined experimentally, i.e., dif-
ferent experiments give different results as listed in PDG [1].
The calculated two-body strong decays of ρ(1900) are pre-
sented in Fig. 3, where the theoretical total width overlaps
with the BaBar’s data [29]. In addition, the main decay
modes of ρ(1900) are ππ, πa1(1260), πh1(1170), ππ(1300),
and πω(1420). Thus, ρ(1900) has a large 4π branching ra-
tio and the decays into ρρ, K ¯K, and ηb1(1235) are sizeable.
In Table. III, we also show several ratios of its partial decay
widths. These predicted decay behaviors will be helpful to
experimentally study ρ(1900) in future.
As shown in Fig. 1, ρ(2150) can be a 43S 1 state. The OZI-
allowed two-body strong decay widths are listed in Fig. 4. The
obtained total width is dependent on the R value due to the
node effect, where the total width is (108 − 287) MeV corre-
sponding to R = (4.3− 5.0) GeV−1. From PDG [1], we notice
that the measured total width of ρ(2150) from the e+e− inter-
action is larger than that from the pp¯ → ππ process and S -
channel N ¯N interaction. Here, the experimental total widths
of ρ(2150) are (350 [55], 389 [50], 410 [49], 310 [55]) MeV,
(296 [7], 40 [105], 250 [70], 200 [69]) MeV, and (230 [3],
135 [65], 98 [106], 85 [64]) MeV corresponding to the e+e−
interaction, pp¯ → ππ channel and S -channel N ¯N process, re-
spectively. Our calculation favors the data measured at the
pp¯ → ππ process and S -channel N ¯N interaction. For exam-
ple, in Fig. 4 we compare our result of the total width with that
in Ref. [3] obtained by analyzing the SPEC’s data, where the
theoretical and experimental results overlap with each other
when R = (4.74 − 4.98) GeV−1. The calculation of the par-
tial decay widths shows that ρ(2150) decays dominantly into
ππ, πa1(1260), πω and πh1(1170). More information of other
partial decay widths can be found in Fig. 4. We notice that
ρ(2150) was observed in the decay channels π+π−, ωπ0, η′ππ,
f1(1285)ππ, ωπη, K+K− and 6π [1], which can be reasonably
explained by our study. Furthermore, based on the obtained
partial decay widths, we also give several ratios of some par-
tial decay widths in Table III, which are also important to test
whether ρ(2150) is a 43S 1 state.
The ranges of R in Figs. 2-4 needed to reproduce the ex-
perimental total widths are (3.79− 4.23) GeV−1, (3.85− 4.28)
GeV−1 and (4.74−4.98) GeV−1, respectively, where the exper-
imental error is considered. These obtained ranges of R also
roughly reflect a regularity, i.e., the corresponding R value
becomes larger when the radial quantum number increases,
which is consistent with the estimate of the potential model
[89].
B. n 3D1 states
The Regge trajectory analysis shows that ρ(1700), ρ(2000)
and ρ(2270) can be categorized into the n3D1 ρ meson family
(see Fig. 1). In this subsection, we discuss their two-body
decay behaviors.
As the ground state of the 3D1 ρ meson family, ρ(1700)
mainly decays into πa1(1260) and πh1(1170). Of course, ππ
and ρρ are the important decay channels. These results are
consistent with the experimental data [1, 23], which naturally
explains why ρ(1700) can be found in its 4π and ρππ channels.
However, the obtained total decay width is larger than most of
experimental data listed in PDG. In Fig. 5, we give the com-
parison between our result and the experimental total width
from Ref. [23], where the theoretical total width can overlap
the experimental result with error when R > 4.55 GeV−1.
In addition, we find that the decay width of ρ(1700) → ωπ
is always smaller than that of ρ(1700) → ππ, which does
not depend on the R value. This conclusion is consistent
with the results in Refs. [23, 28, 107]. The obtained decay
width of ρ(1700) → ππ is comparable with the value (39 ± 4)
MeV given in Ref. [108]. In the Godfrey-Isgur potential
model [28], the estimated decay width for ρ(1700) → ωπ
is about 25 MeV, which well agrees with our calculation of
5TABLE II: The OZI-allowed two-body decay modes of the ρ/ρ3 states. Here, ω, ρ and η′ denote ω(782), ρ(770) and η′(958), respectively. The
allowed two-body decays are marked by X.
ππ πh1(1170) ππ(1300) πω(1420) πω(1650) ρb1(1235) ρ f1(1285) ωa1(1260) ηρ(1450) ρ f1(1420)
ρ(1450) X X X
ρ(1700) X X X X
ρ(1900) X X X X X
ρ(2000) X X X X X
ρ(2150) X X X X X X X X X
ρ(2270) X X X X X X X X X X
ρ3(1690) X X X X
ρ3(1990) X X X X X
ρ3(2250) X X X X X X X X X X
πω πa1(1260) πa2(1320) πa0(1450) πω3(1670) ρ f2(1270) ρη(1295) ωπ(1300) πa4(2040) ρρ(1450)
ρ(1450) X X X
ρ(1700) X X X X
ρ(1900) X X X X X
ρ(2000) X X X X X
ρ(2150) X X X X X X X X X
ρ(2270) X X X X X X X X X X
ρ3(1690) X X X X
ρ3(1990) X X X X X
ρ3(2250) X X X X X X X X X X
ηρ ρρ ρη′ ηb1(1235) ππ2(1670) ππ(1800) ωa2(1320) ηρ3(1690) ρη(1475) ωa0(1450)
ρ(1450) X
ρ(1700) X X
ρ(1900) X X X X X
ρ(2000) X X X X X X
ρ(2150) X X X X X X X
ρ(2270) X X X X X X X X X X
ρ3(1690) X X
ρ3(1990) X X X X X X
ρ3(2250) X X X X X X X X X
KK KK⋆ K⋆K⋆ KK1(1270) KK1(1400) KK⋆(1410) KK⋆2 (1430) KK⋆(1680) K⋆K1(1270) η′b1(1235)
ρ(1450) X X
ρ(1700) X X
ρ(1900) X X X X X
ρ(2000) X X X X X X X
ρ(2150) X X X X X X X
ρ(2270) X X X X X X X X X X
ρ3(1690) X X
ρ3(1990) X X X X X X X
ρ3(2250) X X X X X X X X X X
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FIG. 2: (color online). The calculated partial and total decay widths of ρ(1450) dependent on the R value. Here, the dashed line with band is
the experimental total width from Ref. [102].
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FIG. 3: (color online). The calculated partial and total decay widths of ρ(1900) dependent on the R value. Here, we do not list the decay width
of ρ(1900) → πa0(1450) since this channel is tiny. The dashed line with band is the experimental total width from Babar [29].
ρ(1700) → ωπ. For the ρ(1700) → ηρ decay, the calculated
result is comparable with that listed in Ref. [23]. In Table
III, some ratios of the partial decay widths of ρ(1700) are pre-
sented.
According to PDG, as for ρ(1700) the ratio Γππ(1300)/Γ4π
is 0.3 while the ratio Γπa1(1260)/Γ4π is 0.16 (with a large
uncertainty) [32]. We need to emphasize that these ratios
Γππ(1300)/Γ4π and Γπa1(1260)/Γ4π listed in PDG can be changed
with different considerations of fitting the experimental data
(see Sec. 4.3 in Ref. [32] for more details). If adopting
these two experimental ratios, that would mean that the de-
cay into ππ(1300) should be more likely than into πa1(1260).
However, we get an order of magnitude larger decay rate into
πa1(1260). This discrepancy should be explained when as-
signing ρ(1700) as a 13D1 state. Introducing the exotic state
explanation to ρ(1700) and studying the corresponding decay
behavior are an interesting topic.
As the candidate of a 23D1 state, the two-body decay and
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FIG. 4: (color online). The calculated partial and total decay widths of ρ(2150) dependent on the R value. The dashed line with band is the
experimental total width taken from Ref. [3].
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FIG. 5: (color online). The partial and total decay widths of ρ(1700) dependent on the R value. Here, we do not list ρ(1700) → πa0(1450) due
to its tiny decay width. The dashed line with band is the experimental total width from Ref. [23].
total decay widths of ρ(2000) are obtained in Fig. 6. The total
width can overlap with the Crystal Barrel result in Ref. [4]
when R = (4.34 − 4.80) GeV−1. ρ(2000) dominantly decays
into ππ(1300), ρρ, ππ2(1670) and πa1(1260). The decay chan-
nels of the ρ(2000) into ππ, πh1(1170), πa2(1320), πω(1420)
and ηb1(1235) are also important.
Fig. 7 shows the decay information of ρ(2270) from the
calculation of the QPC model. Although more decay chan-
nels are open, ρ(2270) has a smaller total decay width com-
pared with the former two 3D1 states. The obtained total
decay width can overlap with the Crystal Barrel data [3] as
shown in Fig. 7. The main decay modes are ππ(1300) and
ππ(1800). Other important decay channels include πa1(1260),
ωa1(1260), ρ f2(1270), and ρb1(1235).
At present, experiments scarcely provide information on
ρ(2270). Thus, the theoretical predictions of the two-body
strong decays of ρ(2270) shown in Fig. 7 and Table IV can
provide valuable guidance to future experimental study on
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TABLE III: The obtained ratios of the partial decay widths of the ρ
states discussed in Figs. 2-5. Here, we have only listed the ratios
weakly dependent on R, which is the reason why we have not listed
the ratios of Γηρ/Γωπ and ΓKK/Γωπ for ρ(1450) that are strongly de-
pendent on R.
Γππ/Γπa1(1260) Γπh1(1170)/Γπa1(1260) Γπa1(1260)/ΓT otal
ρ(1450) 0.545 − 0.873 0.517 − 0.381 0.219 − 0.415
ρ(1700) 0.400 − 0.178 0.728 − 0.696 0.327 − 0.337
ρ(1900) 0.738 − 1.432 0.470 − 0.360 0.129 − 0.262
ρ(2150) 2.626 − 1.674 1.121 − 0.404 0.009 − 0.199
ρ(2270).
TABLE IV: Several calculated branching ratios of the partial decay
widths of ρ(2000) and ρ(2270).
Γπa1(1260)/Γππ(1300) Γπh1(1170)/Γππ Γππ(1300)/ΓT otal
ρ(2000) 0.300 − 0.997 0.634 − 1.714 0.148 − 0.238
ρ(2270) 0.028 − 0.790 0.439 − 0.507 0.108 − 0.253
In Figs. 5-7, we also notice that the corresponding R values
for reproducing the experimental data are within the allowed
range.
C. n 3D3 states
If ρ3(1690) is a 13D3 state, the partial decay widths are
shown in Fig. 8, where the decay of ρ3(1690) is dominated
by the ρρ channel. The other large decay modes include πω,
ππ and πh1(1170). The decay modes of πa2(1320), πa1(1260)
and ηρ are also sizeable.
TABLE V: Several calculated branching ratios of ρ3(1690) and the
ratio Γπa2(1320)/Γηρ. Here, we also list the corresponding experimental
data in the third column.
Ratios This work Experimental data
Γρρ/ΓT otal (49.33 − 58.79)% -
Γππ/ΓT otal (5.83 − 15.62)% (23.6 ± 1.3)% [1]
Γπω/ΓT otal (14.38 − 17.83)% (16 ± 6)% [1]
Γπh1(1170)/ΓT otal (6.92 − 8.42)% -
Γπa2(1320)/Γηρ 1.87 − 2.40 5.5 ± 2.0 [62]
In Table V, several branching ratios of ρ3(1690) and the ra-
tio Γπa2(1320)/Γηρ are calculated in comparison with the cor-
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responding experimental values. Our branching ratios of
ρ3(1690) → ππ, πω and the ratio Γπa2(1320)/Γηρ are compara-
ble with the experimental results. At present, experiments re-
veal that ρ3(1690) dominantly decays into 4π with the branch-
ing ratio ∼ 71.1% [1], which is supported by our calculation,
where the final states πω and ρρ can mainly contribute to the
4π final state.
In Fig. 8, we give comparison of our results with the ex-
perimental data [109]. If reproducing the experimental total
width, the adopted R value is about 3 GeV−1, which is un-
10
TABLE VI: Some typical branching ratios of ρ3(1690), ρ3(1990) and
ρ3(2250).
Γρρ/ΓT otal Γππ/ΓT otal Γππ(1300)/ΓT otal
ρ3(1690) 0.493 − 0.588 0.156 − 0.058 0.001 − 0.005
ρ3(1990) 0.250 − 0.182 0.061 − 0.240 0.217 − 0.068
ρ3(2250) 0.010 − 0.068 0.020 − 0.358 0.000001 − 0.168
reasonable. In addition, the obtained total decay width of
ρ3(1690) is larger than the data in PDG [1] when taking R
around 4 GeV−1 [89]. This situation shows that ρ3(1690) as
a 13D3 state seems questionable. For clarifying this point,
we suggest the precise measurement of its resonance param-
eters in future experiments. Of course, this discrepancy men-
tioned above also provides a possibility of introducing the ex-
otic state explanation to ρ3(1690). We notice that a three-ρ
meson molecular state was proposed in Ref. [63].
The partial decay widths of ρ3(1990) are predicted in Fig.
9, where the mass of ρ3(1990) in Table I is adopted in our cal-
culation. ρ3(1990) mainly decays into ρρ, ππ, πω, ππ(1300)
and πω. Several typical decay branching ratios of ρ3(1990)
are presented in Table VI. The calculated total decay width
of ρ3(1990) is compatible with the experimental data [3] as
shown in Fig. 9. In addition, ρ3(1990) → ππ, πω were ob-
served in the experiment [1]. Our calculation shows that the
decay widths of ρ3(1990) → ππ, πω are sizeable.
In Fig. 10 and Table VI, the decay properties of ρ3(2250) as
a 33D3 are illustrated. For higher ρ3 meson, the decay behav-
ior reflects the node effect, where ρ3(2250) decay widths are
dependent on the R value. If taking a typical value of R = 4.62
GeV−1, we can obtain the total decay width consistent with the
experimental data [3]. The corresponding main partial decay
channels are ππ, ππ(1300) and πω. Contrary to the former
ρ3(1690) and ρ3(1900), the decay width of ρ3(2250) → ρρ is
small. At present, ρ3(2250) was observed in its ππ, K ¯K, ηππ,
πω and ωa2(1320) decay channels.
V. SUMMARY
In the past decades, many more ρ/ρ3 states have been ob-
served in experiments. How to categorize these ρ/ρ3 states
into the meson family is an intriguing research topic, which
can improve our knowledge of light hadron spectrum. In
this work, we systematically study the OZI-allowed two-body
strong decay behaviors of the observed ρ/ρ3 states, where the
QPC model [72] is applied to the concrete calculation.
As shown in Fig. 1, the mass spectrum analysis can pro-
vide preliminary information on these ρ/ρ3 states, where their
quantum numbers are assigned. Given these assignments, we
perform the calculation of two-body strong decays of these
ρ/ρ3 states listed in Table I. By comparing our theoretical re-
sults with the existing experimental data, the hadron structure
properties of these ρ/ρ3 states can be obtained and examined.
Besides getting the hadron structure properties of these
ρ/ρ3 states, our study also provides abundant decay informa-
tion of these states, which can be as a valuable guidance to
further experimental study on light hadron spectrum.
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